ABSTRACT Background/Objective. Guidelines concur that postmastectomy radiation therapy (PMRT) in T1-2 tumors with one to three positive (?) lymph nodes (LNs) decreases locoregional recurrence (LRR) but advise limiting PMRT to patients at highest risk to balance against potential harms. In this study, we identify the risks of LRR after mastectomy in patients with T1-2N1 disease, treated with modern chemotherapy, and identify predictors of LRR when omitting PMRT. Methods. Patients with T1-2N1 breast cancer undergoing mastectomy between 1995 and 2006 were categorized by receipt of PMRT. The Chi square test compared the clinicopathologic features between both groups, and KaplanMeier and Cox regression analysis was used to determine the rates of LRR, recurrence-free survival (RFS), and overall survival (OS). Results. Overall, 1087 patients (924 no PMRT, 163 PMRT) were included in the study, with a median followup of 10.8 years (range 0-21). We identified 63 LRRs (56 no PMRT, 7 PMRT), and 10-year rates of LRR with and without PMRT were 4.0% and 7.0%, respectively. Patients receiving PMRT were younger (p = 0.019), had larger tumors (p = 0.0013), higher histologic grade (p = 0.029), more positive LNs (p \ 0.0001), lymphovascular invasion (LVI) (p \ 0.0001), extracapsular nodal extension (p \ 0.0001), and macroscopic LN metastases (p \ 0.0001). There was no difference in LRR, RFS, or OS between groups. On multivariate analysis, age \ 40 years (p \ 0.0001) and LVI (p \ 0.0001) were associated with LRR in those not receiving PMRT. Conclusion. Consistent with the guidelines, 85% of patients with T1-2N1 were spared PMRT at our center, while maintaining low LRR. Age \ 40 years and the presence of LVI are significantly associated with LRR in those not receiving PMRT.
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Postmastectomy radiation therapy (PMRT) has been shown in various studies to reduce locoregional recurrence (LRR) risk and breast cancer mortality in women with node-positive disease, 1 and PMRT use in women with four or more positive LNs has been standard of care. 2 As the survival benefit from PMRT may be proportional to the reduction of LRR, women with higher LRR risk are expected to benefit most; 3, 4 however, the use of PMRT in lower-risk groups, such as patients with one to three positive lymph nodes (LNs), [5] [6] [7] [8] and those with node-negative disease, [9] [10] [11] remains controversial In a recent meta-analysis of randomized trials of women undergoing axillary dissection and mastectomy, there was a 10.6% absolute reduction in 10-year LRR in all patients with any node-positive disease receiving PMRT. This decrease translated to a significant reduction in breast cancer mortality (rate ratio [RR] 0.84, 95% confidence interval [CI] 0.76-0.94, p = 0.001). A significant reduction in LRR and breast cancer mortality was seen in women with four or more positive nodes and women with one to three positive LNs. 1 This meta-analysis included 22 trials conducted from 1965 to 1986, and its results were heavily influenced by studies with 10-year LRR [ 25%. 5, 12, 13 Recent American Society of Clinical Oncology (ASCO), American Society for Radiation Oncology (ASTRO), and Society of Surgical Oncology (SSO) guidelines concur that PMRT use in patients with early breast cancer (T1-2) and one to three positive LNs reduces LRR risk and improves survival; however, it was felt this benefit may be outweighed by side effects in patients with low LRR risk. 14 We previously reported LRR risk in patients with T1-2N1 breast cancer who underwent total mastectomy with or without PMRT and received modern adjuvant systemic therapy at a median follow-up of 6.8 years. 15 In this study, we sought to update the results beyond 10 years follow-up, as 95% of LRRs occur within 10 years after surgical intervention. 3 We also evaluated recurrence-free survival (RFS), overall survival (OS), and predictors of LRR when PMRT was omitted.
METHODS
Upon Institutional Review Board approval, we queried the Memorial Sloan Kettering Cancer Center (MSKCC) prospectively maintained breast cancer database for patients who underwent mastectomy and had one to three positive LNs between 1995 and 2006. We excluded all patients who had T3 or T4 tumors, received neoadjuvant chemotherapy (NAC), or in whom the axillary node metastases were isolated tumor cells only. In patients with bilateral breast cancer, clinicopathologic data were included for the side that met the inclusion criteria. Patients were divided into two groups based on PMRT delivery: 924 (85%) patients received no PMRT, and 163 (15%) were selected for PMRT. In the PMRT group, all patients received chest-wall irradiation. Supraclavicular nodal fields were included in 137/163 (84%) patients, axillary field in 7 (4%) patients, and the internal mammary chain was added in 6 (4%) patients.
All electronic medical records were reviewed to update the follow-up status for each patient. The following variables were collected: age at diagnosis; pathologic T and N stage; histologic grade; nuclear grade; multifocality/multicentricity (defined as the presence of tumor in multiple quadrants, or same-quadrant discontinuous tumors in the same quadrant, respectively); extensive intraductal component (defined as the presence of intraductal carcinoma in [ 25% of the tumor); presence of lymphovascular invasion (LVI); number of positive LNs; total number of LNs dissected; size of axillary nodal metastasis, whether micrometastases (defined as the presence of metastatic LN deposits measuring between 0.2 and 2 mm in dimension) or macrometastasis (deposits measuring [ 2.0 mm); presence of extracapsular nodal extension (ECE; defined as the growth or spread of tumor cells outside of the LN capsule); estrogen receptor (ER) status; progesterone receptor (PR) status; human epidermal growth factor receptor 2 (HER2) status; use and protocol of adjuvant chemotherapy; hormonal therapy; or trastuzumab. Pathology slides were not re-reviewed.
Adjuvant treatment, systemic chemotherapy, and/or hormone therapy was administered to 98% of patients. The majority (1024; 94.2%) received an axillary LN dissection (ALND); the median number of nodes resected was 18 (range 1-51). A total of 805 patients had a sentinel LN biopsy (SLNB), of whom 742 (92%) were converted to an ALND.
LRR was defined as recurrence in the ipsilateral chest wall, axillary nodes, internal mammary nodes, infraclavicular nodes, or supraclavicular nodes. Patients were followed up for LRR by routine clinical examination. A recurrence outside those regions was considered distant metastatic disease. Date of last follow-up was defined as the last MSKCC office visit with documented disease status, correspondence documenting disease status, or death notification.
Primary study endpoints were LRR, defined as the time from date of surgery to date of LRR after diagnosis regardless of incidence of other event types, including distant metastasis (DM), that were coincident, before or after the LRR or last follow-up date; RFS, defined as the date of surgery to LRR or distant disease, whichever came first; last date of follow-up; and OS, defined as the time from surgical intervention to date of death from any cause or last follow-up.
The Chi square test was used to compare distributions of clinicopathologic features between patients who received PMRT and those who did not; the Kaplan-Meier method and the log-rank test were used to analyze clinicopathologic features associated with LRR, RFS, and OS; and Cox regression was used to fit multivariable models for LRR, RFS, and OS. Cumulative incidence was estimated by calculating 1 minus the Kaplan-Meier estimate. P-values \ 0.05 were considered significant.
RESULTS
We identified 1331 patients who had a mastectomy, with one to three positive nodes. We excluded 244 patients who had T3/T4 disease, isolated tumor cells as nodal metastasis, or received NAC. (range.97-20.9) for the no-PMRT and PMRT groups, respectively. Table 1 summarizes the demographic and clinicopathologic cohort parameters. Median age at diagnosis was 51 years (range 20-90), and median tumor size was 1.8 cm (range 0.1-5.0). Most patients had one or two positive axillary LNs (58% and 28%, respectively). Only 14% of patients had three positive axillary LNs. Final surgical margin was clear in 97% of patients, with 3% having close or positive margins. Approximately 74% of patients had macroscopic axillary LN metastasis; 26% had microscopic axillary metastasis.
Chemotherapy was delivered to 952 patients (88%); in 76% of patients, the regimens were anthracycline-and/or taxane-based. Of patients with known ER status, 77% (827/ 
When comparing patients who received PMRT with those who did not, there was no significant difference in LRR, RFS, or OS (log-rank p = 0.32, 0.46, 0.44, respectively) [ Fig. 1] . The 10-year LRR incidence in the PMRT group was 4.0% versus 7.0% in the no-PMRT group, while the 10-year RFS rates for the PMRT and no-PMRT groups were 75% (95% CI 69-82) and 73% (95% CI 69-76), respectively. The OS was 81% (95% CI 73-86) in the PMRT group versus 80% (95% CI 77-82) in the no-PMRT group.
There were 63 LRRs in the entire cohort (7 in the PMRT group, 56 in the no-PMRT group), most of which were localized to the chest wall (32/63 [51%]) and the supraclavicular nodes (17/ 63 [27%] ). The axillary and internal mammary nodes were the recurrence site in five (8%) and three (5%) patients, respectively. Recurrence in the axilla and chest wall developed in five patients, one of whom had recurrence in the supraclavicular and internal mammary We further examined the relationship between age and LVI presence with LRR in patients who did not receive PMRT. When patients were stratified on the basis of age \ 40 years and LVI presence, we found that at 10 years, LRR rates for patients with no LVI and age [ 40 years was 2% (95% CI 0.7-3.8), compared with 28% (95% CI 11.0-22.1) in patients with LVI and age \ 40 years (p \ 0.0001) [ Fig. 2 ].
DISCUSSION
With data supporting its benefit, PMRT use in patients with T1-2 tumors and one to three positive nodes has increased over time. 16 We have noticed a similar trend at MSKCC: the percentage of patients receiving PMRT with T1-2N1 disease increased from 9.6% prior to the year 2000, to 17% after.
In an Early Breast Cancer Trialists Collaborative Group (EBCTCG) meta-analysis, PMRT significantly improved LRR, OS, disease-free survival (DFS), and breast-cancerspecific survival in all patients with positive nodes. When limiting the analysis to the 1314 patients with one to three positive nodes, PMRT use decreased the LRR rate from 20.3 to 3.8% at 10 years. This reduction translated into an absolute breast cancer mortality reduction of 7.9% at 20 years. When further limiting the analysis to the 1133 patients with one to three positive LNs who received systemic therapy, the benefit of PMRT persisted. 1 The 20.3% LRR without PMRT in the meta-analysis is significantly higher than the currently reported LRR rates of 4-10% in more modern series. 11, 15, [17] [18] [19] The data presented in this study are from a single institution and hence reflect a unique patient population and may not be generalized; however, our LRR rate without PMRT (7.0%) is comparable with rates reported in more modern series. Furthermore, with 10.8 years median follow-up, we believe we have captured the overwhelming majority of LRR, as these events are infrequent beyond the first 10 years of follow-up. 3 The difference in LRR rates between the trials in the meta-analysis and our study may be partially attributed to two factors-more modern chemotherapy and endocrine treatment, and axillary clearance completeness.
The EBCTCG meta-analysis trials were predominantly conducted in the 1970s/1980s with chemotherapy regimens considered era-appropriate, primarily cyclophosphamide, methotrexate, and 5-fluorouracil (CMF). In our current cohort, women received more modern chemotherapy, 20 mostly (77%) including a dose-dense regimen of adriamycin, cyclophosphamide, and taxol (ACT). Moreover, after 2004, anti-HER2 therapy became standard at our institution due to its survival benefit. [21] [22] [23] Anti-HER2 therapy has also been shown to significantly improve local control. 24 Furthermore, endocrine therapy used in the 1970s/1980s was limited to tamoxifen compared with the PMRT postmastectomy radiation therapy, SLNB sentinel lymph node biopsy, ALND axillary lymph node dissection modern era, in which aromatase inhibitors are favored in postmenopausal women. 25 In our patient population, 60% of patients receiving endocrine therapy had an aromatase inhibitor included. Additionally, the use of tamoxifen, in some of the meta-analysis trials, was limited to 1 year, which is currently considered suboptimal. 5, 12, 13 Ninety-four percent of our patients received an ALND; the median number of nodes removed was 18, versus \ 10 in some of the EBCTCG meta-analysis trials. Proper axillary clearance leads to better staging of the axilla, hence identifying patients with four or more nodes in whom PMRT is standard and beneficial. Furthermore, complete ALND lowers the chance of residual nodal disease that may contribute to a higher axillary nodal recurrence. In one of the largest trials of the meta-analysis, the median number of axillary nodes resected was seven, PMRT postmastectomy radiation therapy, LRR locoregional recurrence, CI confidence interval, SLNB sentinel lymph node biopsy, ALND axillary lymph node dissection and axillary nodal recurrence rates reached 33.7%. 13 In our cohort, the most common nodal recurrence site was the supraclavicular area; only 10/63 (15.9%) of the recurrences involved the axilla (five isolated, five combined with chestwall recurrence).
In our cohort, PMRT was delivered at the treating physician's discretion, limiting its use to high-risk patients (Table 1) . At 10.8 years median follow-up, age \ 40 years and LVI presence were the strongest LRR predictors; however, the extent and morphologic features of LVI did not seem to predict outcome. 26 Age 9,27-29 and LVI 8, 9, 27, 30 have been similarly reported in multiple studies as LRR predictors in patients with T1-T2 breast cancer and one to three positive LNs. The 10-year LRR rate in the group aged \ 40 years with LVI was 28%; such a high rate warrants PMRT. Arguably, in patients with clinically negative axillas and age \ 40 years who have T1-2 tumors with LVI, a positive sentinel node may not dictate a completion ALND, as the axilla may be equally controlled with radiation therapy with a lower rate of lymphedema. In cT1-2N0 patients with positive sentinel nodes, the AMAROS study reported an axillary recurrence of 0.4% in the ALND group and 1.2% in the radiotherapy (RT) arm, with respective lymphedema rates of 23 and 11% at 5 years. 31 The vast majority of our patients (92.4%) had an axillary node dissection, hence the omission of PMRT is not applicable to patients who had only one to three positive sentinel nodes without completion axillary node dissection.
In the current analysis, tumor size lost its significance in predicting LRR on multivariate analysis, but remained significant for OS (p \ 0.0001). However, prior studies have reported that increased tumor size is an LRR predictor. 9, 32, 33 The lack of significance of tumor size as an LRR predictor in patients not receiving RT in our study may be related to selection bias, as patients with larger tumors were selected to receive PMRT.
Our study is limited by its retrospective nature and the potential ensuing bias. Additionally, Fig. 1 , which compares outcomes in the RT versus no-RT groups, is not based on a randomized trial and should not be interpreted as such. Despite our study's retrospective nature, our reported LRR rates are consistent with those in modern series. 11, 15, [17] [18] [19] The EORTC 22922 prospective randomized trial 34 has shown an improvement in DFS and distant DFS as well as a reduction in breast cancer mortality with internal mammary and medial supraclavicular irradiation. The study included 4004 patients, 955 of whom underwent a mastectomy. It is difficult to compare the results of EORTC 22922 with our results for various reasons. EORTC 22922 included patients with stage I-III disease, of whom 43.1% had one to three positive nodes; 35 our study focused on T1-2N1 disease. Additionally, chemotherapy was administered to 88% of patients in our study, compared with 55% in EORTC 22922. Finally, 77% of patients in our study had an ER-positive tumor, all of whom received hormonal therapy, while in EORTC 22922, 78% of patients with known ER status had an ER-positive tumor, with only 59% of these patients receiving hormonal treatment. 35 As previously stated, we believe modern chemotherapy and adequate hormonal treatment were important in lowering the LRR rate and improving survival in those without PMRT. Lastly, the EORTC 34 reported an HR of death for the different subgroups, while comparing the irradiated arm versus the control (0.91 for the mastectomy group, 0.73 for the lumpectomy group). Hence, if the EORTC's analysis had been limited to the 955 patients who underwent a mastectomy, it is unclear if the same conclusion could be reached.
CONCLUSIONS
Recent ASCO/ASTRO/SSO guidelines on PMRT in women with T1-T2 disease and one to three positive LNs strongly recommend a multidisciplinary decision to use PMRT, and that the decision to use PMRT be made in a multidisciplinary manner. PMRT use lowers LRR and improves survival, but is associated with higher [38] [39] [40] and more complications after breast reconstruction, especially in implant cases. 41, 42 There is also a risk, albeit small, of secondary cancers with PMRT. 43 This study supports these guidelines, as limiting PMRT to high-risk groups resulted in low LRR among those not receiving PMRT, and similar RFS and OS in those treated with and without PMRT.
